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Structured Abstract 
 
Objective. To evaluate the clinical outcome of anterior endoscopic instrumentation for 
scoliosis using the SRS-24 questionnaire and to examine how these scores change over a 
2 year follow-up period. 
Summary of Background Data. Anterior endoscopic instrumentation correction has 
several advantages compared with open procedures. However, the clinical results of this 
technique using a validated outcome measure have rarely been reported in the literature. 
Methods. A total of 83 consecutive patients underwent endoscopic anterior 
instrumentation performed at a single unit. Patients completed the SRS-24 questionnaire 
before surgery and at 3, 6, 12 and 24 months after surgery. The SRS-24 scores were 
compared between each of the follow-up intervals.  
Results. The pain, general self-image and function from back condition domains 
improved after surgery, (p<0.05). Activity level significantly improved between 3 and 6 
months, and both function domains improved between 6 and 12 months (p<0.05). None 
of the domains increased significantly after 1 year.  
Conclusions. Endoscopic anterior instrumentation for scoliosis significantly improved 
pain, self-image and function. The greatest improvement in function occurred between 6 
and 12 months after surgery. The SRS-24 scores at 1 year from surgery may provide a 
good indicator of patient outcome in the long-term.  
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Key Points:  
Endoscopic anterior instrumentation for scoliosis significantly improved pain, self image 
and function when assessed using the SRS-24 Outcome Instrument. 
 
Activity level improved between 3 and 6 months, whereas function from back condition 
and postoperative function domains improved between 6 and 12 months after surgery. 
 
No further improvement occurred in any of the SRS-24 domains after one year, and these 
scores may provide a good indicator of patient outcome in the long-term.  
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Mini Abstract 
 
A total of 83 patients underwent endoscopic anterior instrumentation. Patients completed 
SRS-24 questionnaires at regular intervals until 2-years after surgery. The pain, general 
self-image and function from back condition domains improved after surgery. Greatest 
improvement in function occurred between 6 and 12 months and none of the domains 
increased significantly after 1 year.  
 
Introduction 1 
Anterior endoscopic instrumentation for scoliosis correction has evolved over the last 2 
decade as an alternative method of treatment for selected scoliosis curves1. There are 3 
several advantages compared with open scoliosis surgery including an improved cosmetic 4 
result, reduced blood loss, decreased pain, shorter hospitalization, reduced chest wall 5 
morbidity 2, 3 and maintenance of respiratory function 4.  6 
Although a good radiological outcome has been reported after endoscopic scoliosis 7 
surgery 5, 6, 7, it has been shown by D’Andrea et al 8 and Wilson et al 9 that radiological 8 
parameters correlate poorly with clinical outcome. Several authors have reported 9 
encouraging clinical results after endoscopic instrumentation 1, 3, 10 but this has rarely 10 
been reported using a validated outcome measure 11.  11 
The Scoliosis Research Society questionnaire (SRS 24) is a disease-specific outcome 12 
measure designed for the assessment of adolescent idiopathic scoliosis 12. The 13 
questionnaire has been extensively validated and found to be a reliable and reproducible 14 
instrument. 13-15. It has subsequently become the standard measure for assessing the 15 
clinical outcome of scoliosis patients, enabling a comparison between different surgical 16 
procedures. 17 
The purpose of this study was to prospectively evaluate the clinical outcome of 18 
endoscopic anterior instrumentation for scoliosis using the SRS-24 questionnaire. We 19 
aimed to examine how the SRS-24 scores change throughout the 2 year follow-up period. 20 
We also aimed to compare our results with those reported previously for open and 21 
endoscopic scoliosis procedures. 22 
 23 
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Materials and Methods 24 
 25 
Study Cohort.  26 
Between April 2000 and January 2005, a total of 83 consecutive patients underwent 27 
endoscopic anterior instrumented fusion for scoliosis using a single rod technique (Figure 28 
1). The surgical procedures were performed by the two senior authors (GNA and RDL) at 29 
The Mater Children’s Hospital, Brisbane using the Eclipse instrumentation system 30 
(Medtronic Sofamor Danek, Memphis, Tennessee, USA). 31 
 32 
Surgical Technique.  33 
The choice to perform anterior scoliosis instrumentation and fusion via an endoscopic 34 
approach was made after assessment of each patient by the senior authors on clinical 35 
grounds. Surgery was performed in a side lying position with access via three or four 36 
portals in the chest wall. Portal positions were selected using an image intensifier 37 
positioned in two planes.  Each portal incision was 2 centimeters in length and allowed 38 
the placement of 2 adjacent screws. Double lumen tube intubation was used to achieve 39 
single lung ventilation for the duration of the procedure. Discectomy was performed at 40 
the levels to be instrumented, and intervertebral spaces were packed with femoral head 41 
allograft (36 patients) and mulched autograft (rib heads for 40 patients, iliac crest for 7 42 
patients).  A single 4.5mm diameter anterior rod and vertebral body screws (Eclipse, 43 
Medtronic Sofamor Danek, Memphis, Tennessee, USA) were used to achieve curve 44 
correction using a standard compression technique with radiograph monitoring. After 45 
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visualization of lung reinflation, a chest drain was inserted prior to closure of the final 46 
operative portal.  47 
 48 
The first 40 (48.2%) patients were braced for 12 weeks, the next 18 (21.7%) patients 49 
were braced for 8 weeks, the next 22 (26.5%) patients were braced for 6 weeks and the 50 
last 3 (3.6%) patients were left free of bracing postoperatively as is now our current 51 
practice.  52 
 53 
Clinical Outcomes Evaluation.  54 
Patients were assessed before surgery and at 3, 6, 12 and 24 months after surgery. At each 55 
attendance, patients completed the SRS-24 questionnaire. No patient was lost to follow-56 
up and at the time of analysis there were 65 (78.3%) patients with a minimum follow-up 57 
of 24 months. Patients were assured that their responses would not be reviewed by the 58 
treating surgeons and they were encouraged to answer all questions honestly and without 59 
reservation. 60 
 61 
The SRS-24 questionnaire has been previously validated by Haher et al12. The 62 
preoperative section consists of 15 questions corresponding to four domains (pain, 63 
general self-image, function from back condition and general level of activity). The post-64 
operative section consists of the same 15 preoperative questions but also includes an 65 
additional nine questions which correspond to a further three domains (post-operative 66 
self-image, post-operative function and satisfaction). Therefore in total the SRS-24 67 
consists of 24 questions forming seven domains as outlined in Table 1. Each question is 68 
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scored out of a maximum of 5 points resulting in a mean score of between 1 and 5 for 69 
each domain.  70 
 71 
Radiographic Evaluation.  72 
At all postoperative reviews, the patients had a full length sagittal radiograph and a full 73 
length coronal posteroanterior radiograph of their spine in the standing position. The 74 
major Cobb angle was measured using the Cobb method at all review appointments by a 75 
spinal orthopaedic surgeon other than the two senior authors. Curve correction was 76 
calculated and expressed as a percentage of the preoperative major curve Cobb angle.  77 
 78 
Rib hump assessment. 79 
The rib hump was measured at all reviews clinically using an inclinometer (Scoliometer, 80 
Scoliosis Research Society, Milwaukee, WI) which measures the rotary distortion of the 81 
torso in degrees, while the patient is in a forward bending position.   82 
 83 
Statistical analysis 84 
The postoperative scores were compared with the preoperative scores for the four SRS-24 85 
domains common to both assessments. To determine whether an overall improvement 86 
had occurred over the postoperative period, the postoperative domain scores at 3 months 87 
were compared with the scores at 2 years. The SRS-24 scores were also compared 88 
between each of the consecutive follow-up intervals for each of the 7 domains.  89 
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Statistical analysis was performed using SPSS statistical software (version 8.0 for 90 
Windows SPSS Inc, Chicago, Illinois). The Mann-Whitney test was used for analysis of 91 
nonparametric data between groups with statistical significance set at p < 0.05. 92 
 93 
Results 94 
 95 
There were 83 consecutive patients included in the study consisting of 74 females and 9 96 
males with a mean age at the time of surgery of 16.4 years (range, 10 - 46). Curve type 97 
was idiopathic in 75 (90.4%) cases and 8 (9.6%) cases were classified as neuromuscular 98 
due to a syrinx diagnosed on their preoperative MRI scans. There were 79 curves convex 99 
to the right and 4 curves convex to the left. The idiopathic curves were further classified 100 
according to Lenke et al 16 as shown in Table 2. 101 
 102 
The mean number of levels instrumented was 6.7 (range, 5 – 8) and the mean operative 103 
time was 4 hours and 40 minutes (range, 2 hours 45 minutes to 8 hours 0 minutes). The 104 
intraoperative blood loss was a mean of 336 mL (range, 100 – 1000mL). The mean length 105 
of stay in the Intensive Care Unit was 1.2 days (range, 1 – 4) and the total hospital stay 106 
was a mean of 5.8 days (range 4 – 10 days). 107 
 108 
SRS-24 scores 109 
At the time of results analysis, 65 (78.3%) of the cohort of 83 patients had reached 2 year 110 
follow-up. The mean preoperative and mean 24 month postoperative SRS-24 domain 111 
scores are shown in Table 3. There was a significant improvement in the pain, general 112 
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self-image and function from back condition domains after surgery compared with the 113 
preoperative levels, p<0.05.  114 
 115 
The activity level and both the function domains increased significantly over the two year 116 
follow-up period, p<0.05 (Figure 2, Table 4). The activity level domain increased 117 
between 3 and 6 months and the function from back condition (p=0.046) and the post-118 
operative function (p=0.0048) domains both increased between 6 and 12 months. The 119 
other SRS-24 domains showed a general trend for the scores to increase with time from 120 
surgery, but this was not significant for any of the individual follow-up intervals. None of 121 
the seven SRS-24 domains increased significantly between 1 and 2 years after surgery 122 
(Figure 2, Table 4). 123 
 124 
Major Cobb angle  125 
The mean preoperative coronal Cobb angle was a 52.6º (range, 35º - 80º) which corrected 126 
surgically to a mean of 21.7º (range, 6º - 45º). This corresponded to a mean coronal plane 127 
curve correction of 58.8%. 128 
 129 
Rib hump 130 
The mean preoperative rib hump measurement was 16.4º (range, 7º - 30º) and this 131 
improved to 6.3º (range, 1º - 14º) after surgery which corresponded to a mean rib hump 132 
correction of 61.6 %.  133 
 134 
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Further detailed analysis of both the major Cobb angle and the rib hump with reference to 135 
the SRS-24 scores was performed but will be reported as part of a separate study. 136 
 137 
Discussion 138 
 139 
Good results have been reported in the literature for both anterior and posterior 140 
instrumentation techniques for scoliosis correction 17- 20. Recently, open anterior 141 
instrumentation has increased in popularity since it has several advantages over a 142 
posterior approach including an improved restoration of kyphosis and a reduction in the 143 
number of fusion levels required 21. The main disadvantage of using an anterior technique 144 
is that it usually requires a thoracotomy to be performed which has an additional 145 
morbidity. Endoscopic instrumentation utilises some of the advantages of anterior surgery 146 
while avoiding the problems associated with an open thoracotomy 2. 147 
 148 
In this study, we used the Scoliosis Research Society questionnaire to assess the clinical 149 
outcome of a series of patients undergoing endoscopic anterior scoliosis correction. The 150 
SRS-24 is a useful instrument for this purpose and has been shown to be responsive to 151 
change during the postoperative period 22. Although a modified version of the SRS-24 152 
score, the SRS-22, has subsequently been published14, we have continued to assess our 153 
patients using the SRS-24 to maintain consistency and to enable comparison between 154 
patients using a single outcome measure. Our results at two year follow-up compare 155 
favourably with the other published studies 11, 12, 17, 23 for open and endoscopic scoliosis 156 
correction using the SRS-24 questionnaire, Table 5.  157 
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 158 
Sweet et al. 17 reported the outcome of 90 patients that had undergone an open anterior 159 
spinal fusion for scoliosis using a single rod. In their study they found a significant 160 
improvement in the patients’ pain, function and self-image after surgery which is in close 161 
agreement with our findings after endoscopic instrumentation. Merola et al. 23 performed 162 
a large multi-centre study, including 242 patients that underwent open scoliosis surgery 163 
using either anterior or posterior instrumentation. They too found a significant 164 
improvement in pain, function and general self-image similar to our findings, but they 165 
also found an improvement in activity levels as well. In our series, the activity level score 166 
did improve compared with the preoperative score (Table 3), but this was not statistically 167 
significant, which may be due to the smaller number of patients in our study compared 168 
with their larger multicenter study.  169 
 170 
Although idiopathic scoliosis is not considered a ‘painful’ condition, we found that 171 
patients often indicated that they had some discomfort in their questionnaire responses. 172 
The pain domain of the SRS-24 score has been shown to be a reliable and reproducible 173 
measure associated with patient outcome12. Merola al23 demonstrated an improvement in 174 
pain scores as a result of surgery from a mean preoperative score of 3.68 +/- 0.05 to a 175 
mean 24 month postoperative score of 4.63 +/- 0.03. Our endoscopic group scored 3.76 176 
+/- 0.69 preoperatively and 4.39 +/- 0.48 at 24 months after surgery.  Both studies agree 177 
that pain scores improve significantly as a result of surgery.  178 
 179 
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By comparing the results of our study with those from previous studies (Table 5), it 180 
seems that anterior endoscopic instrumentation achieves equivalent clinical results to 181 
open procedures. In addition, performing a scoliosis correction endoscopically offers 182 
several advantages such as reduced intra-operative blood loss, improved cosmetic result 183 
and a shorter hospital stay 2, 3. We could only identify one previous study, performed by 184 
Newton et al 11, which reported the SRS-24 outcomes after endoscopic anterior 185 
instrumentation. Our two-year results compare favourably with his series of 50 patients, 186 
which reinforces the initial promising results achieved for endoscopic anterior 187 
instrumentation.  188 
 189 
We could identify no other studies for comparison assessing the changes in SRS-24 190 
scores over time after scoliosis surgery. In our study, there was a general trend for 191 
improvement in each of the seven domains of the SRS-24 score over the two-year follow-192 
up period but this was only significant for the activity level and both the function 193 
domains, Table 4. The activity level domain improved significantly between the 3 and 6 194 
month intervals and most of the improvement in function occurred during the 6 to 12 195 
month post-operative interval (Figure 2). These results may reflect the specific age group 196 
of patients undergoing scoliosis surgery. As most of these patients are skeletally 197 
immature at the time of their surgery, they may simply be at an age when they are more 198 
likely to develop their sporting interests around this time anyway.  199 
 200 
Other possible reasons for the increase in function at 6 months rather than 3 months could 201 
be the effect of bracing during the initial post-operative period, the lifting of 202 
SRS-24 Outcomes and Endoscopic surgery  
 14 
postoperative activity restrictions by the surgeons and the gradual return of confidence 203 
with their movement generally. The majority (96.4%) of our patients were initially 204 
immobilised in a brace for between 6 weeks and 3 months which is likely to have limited 205 
their function during this time. Once they were allowed to mobilise out of the brace this 206 
may have lead to an improvement in their confidence and function. Our current practice 207 
has now changed and we do not routinely use a brace after surgery. As there were only 3 208 
(3.6%) patients in our series that were not braced, it was not possible to directly compare 209 
the effect of bracing on the clinical outcome of patients from this study. However we did 210 
find that the level of pain reported by patients at 3-months post-operatively had already 211 
improved from the pre-operative level (Tables 3 and 4, Fig 2). In contrast, the function 212 
score at 3-months was worse than before surgery. This would suggest that the initial 213 
reduction in patient function was not related to pain but may be due to either the effect of 214 
bracing or due to the restriction of activities imposed by the surgeon and also by parents 215 
during the postoperative period.  216 
 217 
Only a proportion of the questions are included in both the preoperative and postoperative 218 
SRS-24 formats (Table 1). Therefore, it is only possible to use four out of the seven 219 
domains for comparison between preoperative and postoperative scores (Table 3). One 220 
weakness of our study is that initially some of the postoperative questionnaires returned 221 
were incomplete, so there were less complete datasets available for evaluation at the 3-222 
month interval. This predominately affected the first few postoperative questions which 223 
contributed towards the ‘pain’ domain of the SRS-24 questionnaire. For those patients 224 
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successfully completing this section, the results were similar to those previously reported 225 
for this domain by other authors 11, 17, 23. 226 
 227 
Although there was a slight increase in the mean score for each of the seven outcome 228 
domains between 12 and 24 months, this was not statistically significant. These results 229 
suggest that the final outcome of SRS-24 scores after endoscopic anterior scoliosis 230 
surgery is achieved by 12 months after surgery and is unlikely to change significantly 231 
after this time. This information should be of value to surgeons when counselling patients 232 
and relatives about the expected recovery period following endoscopic scoliosis surgery.  233 
 234 
It is important to note that our results have been achieved by highly trained surgeons 235 
experienced in endoscopic anterior instrumentation. As this technique is only performed 236 
in a limited number of units, it is not something that should be expected from every 237 
scoliosis surgeon.  238 
 239 
In conclusion, we found that endoscopic anterior instrumentation for scoliosis 240 
significantly improved patient’s assessment of their pain, self-image and function. 241 
Activity level improved between 3 and 6 months and function improved between 6 and 242 
12 months after surgery. After one year, there was no further significant improvement in 243 
any of the clinical outcomes measured by the SRS-24 instrument. Overall our results 244 
compare well with those previously reported for both open and endoscopic scoliosis 245 
procedures. 246 
Table 1  
Structure of the SRS-24 Clinical Outcome Instrument 
 
 
 
SRS-24 domain 
 
Question numbers contributing 
to each domain 
 
Timing of assessment 
 
Pain 
 
1, 2, 3, 6, 8, 11, 18 
 
Pre and post-operative 
 
General self image 
 
5, 14, 15 
 
Pre and post-operative 
 
Function from back 
condition 
 
7, 12, 13 
 
Pre and post-operative 
 
Activity level 
 
4, 9, 10 
 
Pre and post-operative 
 
Post-operative self-image 
 
19, 20, 21 
 
Post-operative only 
 
Post-operative function 
 
16, 17 
 
Post-operative only 
 
Satisfaction 
 
22, 23, 24 
 
Post-operative only 
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Table 2.  
Classification of the 75 idiopathic curves included in our study  
 
 
Lenke Type 
 
Number (%) of patients 
Total = 75  
 
1A 37 (49.3) 
1B 10 (13.4) 
1C 10 (13.4) 
2A 7 (9.3) 
2B 0 (0) 
2C 1 (1.3) 
3A 1 (1.3) 
3B 2 (2.7) 
3C 2 (2.7) 
4A 2 (2.7) 
4B 1 (1.3) 
4C 0 (0) 
5A 1 (1.3) 
5B 0 (0) 
5C 1 (1.3) 
6A,B,C 0 (0) 
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Table 3. 
Comparison of pre-operative and 24 month post-operative SRS-24 scores for each of the four 
domains allowing comparison  
 
  
Pre-operative score  
(mean ± SD) 
 
Post-operative score 
at 24 months 
(mean ± SD) 
 
p value* 
 
Pain 
 
 
3.76 ±  0.69 
 
4.39 ± 0.48 
 
< 0.001 
 
General self image 
 
 
3.43 ± 0.78 
 
4.13 ± 0.61 
 
< 0.001 
 
Function 
 
 
4.10 ± 0.85 
 
4.29 ± 0.48 
 
<0.01 
 
Activity level 
 
 
4.26 ± 1.09 
 
4.40 ± 0.81 
 
0.656 
 
(* = Mann Whitney test) 
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Table 4. 
Comparison of SRS-24 domain scores during the two-year follow-up period after Anterior 
Endoscopic Scoliosis Surgery  
 
  
3 months  
(mean score  
± SD) 
 
6 months  
(mean score  
± SD) 
 
12 months  
(mean score 
± SD) 
 
24 months  
(mean score 
± SD) 
 
p value* 
 
Pain 
 
 
4.16 ± 0.50  
 
4.34 ± 0.47 
 
4.43 ± 0.59  
 
4.39 ± 0.48 
 
  0.130 
 
General self 
image 
 
3.97 ± 1.0 
 
3.79 ± 0.71 
 
4.08 ± 0.71 
 
4.13 ± 0.61 
 
  0.918 
 
Function from 
back condition 
 
3.87 ± 0.37 
 
3.93** ± 0.52 
 
4.24** ± 0.56 
 
4.29 ± 0.48 
 
< 0.001 
 
Activity level 
 
 
3.49** ± 1.31 
 
4.37** ± 0.67 
 
4.38 ± 0.97 
 
 4.40 ± 0.81 
 
< 0.005 
 
Post-operative 
self image 
 
3.69 ± 0.81 
 
3.54 ± 0.80  
 
3.66 ± 0.77 
 
3.70 ± 0.70 
 
  0.773 
 
Post-operative 
function 
 
2.17 ± 1.40 
 
2.63** ± 1.21 
 
3.21** ± 0.97 
 
3.43 ± 0.98   
 
< 0.001 
 
Satisfaction 
 
 
4.53 ± 0.50 
 
4.51 ± 0.55 
 
4.56 ± 0.50 
 
4.54 ± 0.53  
 
  0.856 
 
 
*   = Mann-Whitney test used to compare 3 and 24 month follow-up intervals 
** = Significant difference between consecutive follow-up intervals 
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Table 5. 
 
The results of this study compared with current published studies reporting the SRS-24 
domain scores* at 2 years from corrective scoliosis surgery  
 
  
Sweet et al 17 
2001 
 
(open anterior) 
 
n = 90 
 
Merola et al 23 
2002 
 
(open anterior  
& posterior) 
n = 242 
 
Newton et al 11 
2005 
 
(endoscopic 
anterior) 
n = 50 
 
Current Study 
2006 
 
(endoscopic 
anterior) 
n = 83 
 
Pain 
 
 
4.4 
 
4.6 
 
4.4 
 
4.4 
 
General self 
image 
 
4.1 
 
4.5 
 
4.2 
 
 
4.1 
 
Function from 
back condition 
 
4.2 
 
4.2 
 
4.4 
 
4.3 
 
Activity level 
 
 
- 
 
4.4 
 
 
4.7 
 
4.4 
 
Post-operative 
self image 
 
- 
 
3.7 
 
3.5 
 
3.7 
 
Post-operative 
function 
 
- 
 
3.1 
 
 
3.4 
 
3.4 
 
Satisfaction 
 
 
4.3 
 
4.6 
 
4.5 
 
4.5 
 
n = number of patients included in each study 
* scores have been converted where necessary to represent the mean score out of 5 for 
   each domain to allow comparison between different studies 
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Figure 1. 
Posteroanterior radiographs of a 12-year old girl with an adolescent idiopathic scoliosis that 
underwent endoscopic anterior instrumentation 
 
(a) Pre-operative radiograph    (b) Post-operative radiograph 
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Figure 2. 
Graph showing changes in each of the seven domains of the SRS-24 score versus time during 
the first 2 years after endoscopic anterior scoliosis surgery. 
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